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(57) A readout gate electrode (13a) is selectively 
formed on a silicon substrate. An N-type drain region 
(1 4a) is formed at one end of the readout gate etectrode 
(13a), and an N-type signal storage region (15) is 
formed at the other end ihereof. A P*-type surface shield 



region (21 a) is selectively epitaxiaJ-grown on the signal 
storage region (15), and a sllicide block layer (19) is 
formed on the surface shield region (21a) to cover at 
least part of the signal storage region (15). A T\ sificide 
film (33a) is selective epitaxial-grown on the drain region 
(14a). 
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1 EP11 

Description 

[0001] The present invention relates to a solid state 
imaging device having a photodiode and a MOSFET 
and a method of manufacturing the same. . 
[0002] M any people have recently had an opportunity 
to capture, process and edit an image with ease as per- 
sonal computers and personal digital assistants have 
sprung into wide use. For solid state Imaging devices 
which are constituted chiefly of a CCD, the needs to de- 
crease in size, power consumption and manufacturing 
costs have grown. To meet these needs, a MOS solid 
state imaging sensor, which is manufactured based on 
the general-purpose CMOS semiconductor technique 
{commonly caned a CMOS image sensor), has made an 
appearance and started to become popular. The CMOS 
image sensor Is currently fabricated with design rules of 
0.35 u/n or more. In the future, however, fc Is expected 
that the CMOS image sensor will be downsized further 
according to the needs to decrease in size and power 
consumption. 

[0003] FIG. 29 is a cross -sectional view showing a pri- 
or art MOS solid state imaging device as disclosed in 
Jpn. Pat Appln. KOKAI Publication No. 10-150182. In 
FIG. 29, range A is a pixel region and range B is a pe- 
ripheral circuit region. 

[0004] As FIG. 29 shows, polysilicon-made gate elec- 
trodes 13a, 13b and 13c are selectively formed on a P- 
type silicon substrate 11 with a gate insulating film (sili- 
con oxide fibn) 12 interposed therebetween. In the range 
A, 13a indicates a readout gate electrode and 13b de- 
notes a reset or address gate electrode. Since a LOCOS 
(local oxidation of silicon) structure (hereinafter referred 
to as LOCOS) Is generally used in a non-fine pattern 
formed with design rules of 0.35 um or more, an element 
isolation region of the LOCOS structure is selectively 
formed in the silicon substrate 11 . 
[0005] tne ran 9 9 A - ar > N-type drain region 1 4a and 
an N-type signal storage region 1 5 for a photodiode are 
formed in a desired area of the surface of the silicon 
substrate 11. A P+-type surface shield region 21 is 
formed on the surface of the region 15. Thus, P+NP-type 
.buried photodiodes 34a and 34b for storing signal 
charges corresponding to an amount of incident light are 
formed. In the range B, an N-well and a P-well are 
formed In the silicon substrate 11 , and a P-rype source 
and drain region 14b and an N-type source and drain 
region 14c are formed in the N-weli and the P-well. re- 
spectively.. 

[0006] A first Interlayer insulating film 25 is formed on 
the entire surface of the resuftant structure, and a sec- 
ond interlayer insulating film 27 is formed on the fifrn 25. 
An Al light-shielding film 28 is formed on the film 27. The 
film 23 has an opening 30 through which light Is incident 
upon the photodiodes 34a and 34b. An Al wiring layer 
26 is selectively formed in the second interlayer insulat- 
ing film 27 and on the first interlayer insufating film 25. 
The layer 26 serves as a signal lina and a connection 
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line in unfts of pixels. A surface protection fSm 29 such 
as a silicon nitride film is formed on the top of the struc- 
ture. In some cases, intermediate refracting films such 
as Ti and TIN fums can be provided on the tops and un- 
5 dersides of the Al wiring layer 26 and the Al light-shield- 
ing film 28 to prevent light from being reflected therefrom 
(as disclosed in Jpn. Pat. Appln. KOKAI Publication No. 
11^5989). 

[0007) In the MOS solid state imaging device so cen- 
to stituted, the signal charges stored in the signal storage 
region 15 are read out of the N-type drain region 14a If 
a posith/e voltage is applied to the readout gate elec- 
. trode 1 3a, thus modulating the potential of the drain re- 
gion 1 4a. The region 1 4a is electrically connected to the 
is gate electrode 1 3b of an amplification transistor, and an 
electrical signal amplified by the gate electrode 13b is 
output from the Al wiring layer 26 of the signal line. 
[0008] However, stray light produces a greatly ad- 
verse effect as one problem caused when the pixels are 
£0 downsized further in the prior art solid state imaging de- 
vice described above. 

[0009} The stray light means part of light incident upon 
the photodiodes 34a and 34b which is reflected by the 
surface of the silicon substrate 11 and then mu Si-reflect- 

2S ed by the surfaces of the Al wiring layer 2S, drain region 
14a and gate electrode 13b and which goes in the dis- 
tance. In the device shown in FIG. 29, the surfaces of 
the gate electrodes 1 3a to 1 3c and those of the source 
and drain regions 1 4a to 14c are made of siBcon mate- 

30 rials whose reflectivity is as high as 40% or more in a 
vis&Ie-light region. For this reason, stray light reflected 
by the surface of the photodiode 34a does not attenuate 
sufficiently but reaches its adjacent photodiode 34b, 
thereby causing a false signal such as smear and 

35 blooming. 

[001 0] If an interval between the photodiodes 34a and 
34b shorten as the pixels decrease in size, it is natural 
that more Intensive stray Hght enters a nearer photodi- 
ode, wfth the result that a false signal such as smear 
and blooming is easy to occur. Since the stray light does 
not attenuate sufficiently, It arrives at the source and 
drain regions 14b and 14c and the gate electrode 13c 
in the peripheral circuit region (range B) to cause the 
transistor to malfunction. In future, therefore, an adverse 

<5 effect of the stray Bght will be increased more greatry as 
the pixels are downsized. 

[001 1 ] Currently the CMOS image sensor employs a 
power supply voltage of 3.3V or higher. It is expected 
that a CMOS image sensor operating at a power supply 
so voltage of 3 .3V or lower will be developed according to 
the above mfcromachining of 0.35 um or less in order to 
decrease the size and power consumption of the solid 
state imaging device further. 

[0012] However, using a buried photodiode structure 
55 in which a surface shield region of a conductivity type 
other than that of the signal storage region is formed on 
the surface of the photodiode ..the problem of a decrease 
in power supply voltage of the readout gate electrode 
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will become more serious. 

[001 3] RG. 30A is a cross-sectional view of the burled 
photodiode which is part of the range A in FIG. 29. FIGS. 
30B and 30C show potentials in iow-voltaga read mode 
(when the read gate electrode turns on). In FIG. 30C, 
charges are read out at a vo&age lower than that in FIG. 
30B. 

[001 4] As FIG. 30A illustrates, an element isolation re- 
gion of the LOCOS structure is selectively formed in the 
P-type silicon substrate 11, and the readout gate elec- 
trode 13a is selectively formed on the silicon substrate 
1 1 with the gate insulating f 9m 12, such as a silicon oxide 
film, interposed therebetween. The N-type drain region 
14a, N-type signal storage region 15 and P*-type sur- 
face shield region 21 are formed on the surface of the 
siBcon substrate 11 by ion implantation. Thus, the pho- 
todiode 34a is obtained. Both the silicon substrate 1 1 
and the surface shield region 21 are grounded at a ref- 
erence potential. 

[0015] In the solid state imaging device descr&ed 
above, when light is incident upon the photodiode 34a, 
the incident light is photoetectrically converted into a sig- 
nal electron, and the signal electron is stored in the sig- 
nal storage region 15. The surface shield region 21 
serves to both prevent an Interface of the gate insulating 
film 1 2 between Si and Si0 2 from being depleted to re- 
duce junction leakage currents and to set potential 42 
of the signal storage region 15 between the surface 
shield region 21 and silicon substrate 11 lower than 
channe I potential 43 under the gate electrode 1 3a which 
is modulated by turning on the readout gate electrode 
1 3a. In principle, the signal electrons can completely be 
transferred from the signal storage region 1 5 to the drain 
region 14a. 

[0016] In the prior art solid state imaging device 
shown In FIG. 30 A, however, the surface shield region 
21 is all buried into the silicon substrate 1 1 . Thus, the 
top surface of the region 21 Is located lower than the 
underside of the readout gate electrode 13a As illus- 
trated In FIG. 30B, therefore, a potential barrier 41 oc- 
curs in a potential barrier occurring section 40 at one 
end of the surface shield region 21 . As a result, charges 
44 are not transferred completely but remain in the sig- 
nal storage region 15, which causes not a little image 
lags and not a little noise. 

[001 7J When a power supply voltage drops by request 
or when a vo&age (readout voltage) drops in the ON 
stare of the readout gate electrode 1 3a (e.g. , the readout 
voltage drops to about 2.5V from the conventional value 
of 3.3V), the potential barrier 41 becomes higher and 
more charges 45 remain as shown in FIG. 30C. Conse- 
quently, the ffnage lags and noise increase more greatly 
and the sensitivity of the device lowers greatly, which 
are serious problems in practical use. 
[0018] As described above, recently, an adverse ef- 
fect of stray light has been Increased more greatly as 
the elements have been downsized and a false signal 
including smear and blooming has occurred easily. 



Moreover, a potential barrier becomes greater as a pow- 
er supply voltage lowers and accorrfngly image lags 
and noise Increase further. The prior art solid state im- 
aging device therefore causes the problem of decreae- 
5 ing elements due to various types of noise caused by 
request of element downsizing and lower power supply 
voltage and thus decreasing the performance of the el- 
ements. 

[0019] The present invention has been developed in 
10 order to resolve the above problems and its object is to 
provide a solid state imaging device capable of improv- 
ing the performance of elements and a method of man- 
ufacturing the same. 

[0020] To attain the above object, a solid stale imag- 
i5 ing device according to a first aspect of the present in- 
vention comprises a gate insulating film formed on a 
semiconductor substrate of a first conductivity type, a 
readout gate electrode selectively formed on the gale 
Insulating film, a diffusion region of a second conductiv- 
20 fry type formed on a surface of the semiconductor sub- 
strate at one end of the readout gate electrode, a signal 
storage region of the second conductivity type formed 
on the surface of the semiconductor substrate at other 
end of the readout gate electrode, a surface shield re- 
23 g] 0 n of the first conductivity type formed on a surface of 
the signal storage region, a silidde block layer covering 
at least part of the signal storage region, and a metal 
silicide layer formed on the diffusion region. 
[0021] A solid state imaging device according to a 
30 secondaspectofthepresentlnventioncomprisesagate 
Insulating film formed on a semiconductor substrate of 
a first conductivity type, a readout gate electrode selec- 
tively formed on the gate insulating film, a cfiffusion re- 
gion of a second conductivity type formed on a surface 
35 of the semiconductor substrate at one end of the readout 
gate electrode, a signal storage region of the second 
conductivity type formed on the surface of the semicon- 
ductor substrate at other end of the readout gate elec- 
trode, and a surface shield region of the first conductivity 
40 type formed on the signal storage region higher than the 
surface of the semiconductor substrate. 
[0022] A solid state imaging device according to a 
third aspect of the present Invention comprises a silidde 
block layer covering al least part of the signal storage 
<5 region and a metal silicide layer formed on the diffusion 
region in addition to the constituting elements of the sol- 
id state imaging device according to the second aspect. 
[0023] In the solid state imaging devices according to 
the first and second aspects, the semiconductor sub- 
so strate can be formed of one of a well layer and an epi- 
taxial growth layer. 

[0024] In the solid state imaging devices according to 
the second and third aspects, the diffusion region can 
be formed higher than the surface of the semiconductor 
55 substrate. 

[0025] In the solid state imaging devices according to 
the first and third aspects, the metal silicide layer can 
be formed of one of a Ti silicide film", a Co silicide film, 
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a Nl silicide film, and a W silicide film. 
[0026J In the solid state Imaging devices according to 
the first and third aspects, it Is preferable that the silicide 
block layer should cover at least part of the signal stor- 
age region and at least part of the readout gate elec- 
trode. The sHfclde block layer may cover at least part of 
the signal storage region, at least part of the readout 
gate electrode, and at least part of the diffusion region. 
[0027] In the solid state imaging devices according to 
the second and third aspects, it is preferable that the 
surface shield region should have an underside which 
Is flush with that of the readout gate electrode. 
[0028] The solid state imaging devices according to 
the third aspect may further comprises a gate electrode 
separated from the readout gate electrode at a prede- 
termined interval, source and drain regions formed as 
both ends of the gate electrode higher than the surface 
of the semiconductor substrate, and a metal silicide lay- 
er formed on the source and drain regions, 
[0029] A solid state imaging device according to the 
present invention may comprise a readout gate elec- 
trode selectively formed on a semiconductor substrate 
of a first conductivity type with a gate insulating film in- 
terposed therebetween, a diffusion region of a second 
conductivity type formed on a surface of the semicon-. 
ductor substrate at one end of the readout gate elec- 
trode, a metal silicide layer formed on a surface of the 
diffusion region, a signal storage region of the second 
conductivity type formed on the- surface of the semicon- 
ductor substrate at other end of the readout gate elec- 
trode, a surface shield region of the first conductivity 
type f ormed on a surface of the signal storage region, a 
sidewaii insulating fifrn formed on a side of the one end 
of the readout gate electrode, and a silicide block layer 
covering a side of the other end of the readout gale elec- 
trode, at least part of a surface of the readout gate elec- 
trode, and at least part of the signal storage region. 
[0030J A method of manufacturing a solid state imag- 
ing device according to a first aspect of the present in- 
vention, comprises the steps of forming a flrst insulating 
film on a semiconductor substrate of a first conductivity 
type, selectively forming an element Isolation region for 
separating an element region In the semiconductor sub- 
strate, forming a readout gate electrode on the element 
region with the first insulating film interposed therebe- 
tween and a gate electrode on the element isolation re- 
gion with the first insulating film interposed therebe- 
tween, forming a diffusion region ol a second conduc- 
tivity type on a surface of the element region at one end 
of the readout gate electrode, forming a signal storage 
region of the second conductivity type on the surface of 
the element region at otherend of the readout gate elec- 
trode, forming a second insulating film on an entire sur- 
face of a resultant structure, removing the second Insu- 
lating film and forming a silicide block layer covering at 
least part of the signal storage region, forming a surface 
shield region of the first conductivity type on a surface 
of the signal storage region, removing the first insulating 



film and the second Insulating film from the diffusion re- 
gion to expose a surface of the dffusion region, and 
forming a metal silicide layer on the exposed surface of 
the diffusion region. 
5 [0031 ] A method of manufacturing a solid state imag- 
ing device according to a second aspect of the present 
invention, comprises the steps of forming a first insulat- 
ing film on a semiconductor substrate of a first conduc- 
tivity type, selectively lorming an element isolation re- 
io gk>n for separating an element region in the semicon- 
ductor substrate, forming a readout gate electrode on 
the element region with the first Insulating film inter- 
posed therebetween, forming a diffusion region of a sec- 
ond conductivity type on a surface of the element region 
is at one end of the readout gate electrode, forming a sig- 
nal storage region of the second conductivity type on 
the surface of the element region at other end of the 
readout gate electrode, and forming a surface shield re- 
gion of the first conductivity type by selectively epltaxial- 
20 growing a silicon layer of the signal storage region. 
[0032] A method of manufacturing a solid state imag- 
ing device according to a third aspect of the present in- 
vention, comprises the steps of forming a first insulating 
fifrn on a semiconductor substrate of a first conductivity 
25 type, selectively forming an element isolation region for 
separating an element region in the semiconductor sub- 
strate, forming a readout gate electrode on the element 
region with the first insulating film interposed therebe- 
tween, forming a diffusion region of a second conduc- 
so tivlry type on a surface of the element region at one end 
. of the readout gale electrode, forming a signal storage 
region of the second conductivity type on the surface of 
the element region at other end of the readout gate elec- 
trode, forming a selective growth sBicon layer by selec- 
ts tivery epitaxial-growing a silicon layer of the signal stor- 
age region and the diffusion region, forming a surface 
shield region of the first conductivfty type in the selective 
growth silicon layer on the signal storage region , forming 
asecond insulating film on an entire surface of a resutt- 
40 ant structure, removing the second insulating f ilm so as 
to expose at least a surface of the selective growth sili- 
con layer on the diffusion region and forming a silicide 
. block layer covering at feast part of the signal storage 
region, and forming a metal silicide layer on the exposed 
45 surface of the selective growth silicon layer on the dif- 
fusion region. 

[0033] In the methods according to the second and 
third aspects of the present invention, the surface shield 
region can be formed by selectively growing a silicon 

50 layer into which no ions are implanted and then subject- 
ing the selectively grown silicon layerto ion Implantation 
and heat treatment. The surface shield region can also 
be formed by selectively growing a silicon layer into 
which ions are implanted. 

55 [0034] The methods according to the first and third as- 
pects of the present invention may further comprise a 
step of removing the silicide block layer after the metal 
silicide layer is formed . 
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[0035] In the solid state imaging devices and the 
methods described above, the elements can be im- 
proved in performance. 

[0036] This summary of the invention does not nec- 
essarily describe all necessary features so thai the in- 5 
ventlon may also be a sub-combination of these de- 
scribed features. 

[0037] The invention can be more fully understood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 10 

FIG. 1 is a cross-sectional view showing a process 
of manufacturing a solid state imaging device ac- 
cording to a first embodiment of the present inven- 
tion; 15 
FIG. 2 is a cross-sectional view showing a process 
of manufacturing the solid state Imaging device ac- 
cording to the first embodimenl ol the present In- 
vention, which follows the process shown in FIG. 1 ; 
FIG. 3 is a cross-sectional view showing a process 
of manufacturing the solid state imaging device ac- 
cording to the first embodiment of the present in- 
vention, which follows the process shown m FJG. 2; 
FIG. 4 is a crose-sectionaJ view showing a process 
of manufacturing the solid etate imaging device ac- & 
cording to the first embodiment of the present in- 
vention, which follows the process shown in FIG. 3; 
FIG. 5 is a cross-sectional view showing a process 
of manufacturing the solid state imaging device ac- 
cording to the first embodiment of the present in- 
veniion, which follows the process shown in FIG. 4; 
FIG. 6 is a cross-sectional view showing a process 
of manufacturing the solid state imaging device ac- 
cording to the first embodiment of the present In- 
vention, which follows the process shown in FIG. 5; 35 
FIG. 7 is a cross-sectional view showing a process 
of manufacturing the solid state imaging devtce ac- 
cording to the first embodiment of the present in- 
vention, which follows the process shown in FIG. 6; 
FIG. 8 is a plan view showing a plane pattern of a *o 
silfcide block layer according to the first" embodi- 
ment of the present invention; 
FIG. 9 is a plan view showing another plane pattern 
of a silicide block layer according to the first embod- 
iment of the present invention; « 5 
FIG. 10 Is a plan view showing stai another plane 
pattern of a silicide block layer according to the first 
embodiment of the present invention; 
FIG. 11 is a plan view "showing yet another plane 
pattern of a silicide block layer according to the first » 
embodiment of the present invention; 
FIG. 12 is a plan view showing another plana pat- 
tern of a silicide block layer according to the first 
embodiment of the present invention; 
FIG. 13 is a plan view showing still another plane 55 
pattern of a silicide block layer according to ihe first 
embodimenl of the present invention; 
FIG. 14 is a plan view showing yet another plane 



pattern of a silicide block layer according to the first 
embodiment of the present invention; 
FIG. 15 is a plan view showing another plane pat- 
tern of a silicide block layer according to the first 
embodiment of the present invention; 
FIG. 16 is a plan view showing still another plane 
pattern of a silicide block layer according to the first 
embodiment of the present invention; 
FIG. 17 is a graph comparing the reflectivity of the 
solid state imaging device according to the first em- 
bodiment of the present invention and that of the 
prior art; 

FIG. 1 B is a cross-sectional view showing a process 
of manufacturing a soBd state imaging device ac- ' 
cording to a second embodiment of the present in- 
vention; 

FIG. 1 9 Is a cross-sectional view showing a process 
of manufacturing the soHd state imaging device ac- 
cording to the second embodiment of the present 
invention, which follows the process shown In FIG. 
18; 

FIG. 20 is across-sectional view showing a process 
of manufacturing the soTrd state imaging device ac- 
cording to the second embodiment of the present 
invention, which follows the process shown in FIG. 
19; 

FIG . 21 is a cross-sectional view showing a process 
of manufacturing the solid state imaging device ac- 
cording to the second embodiment of the present 
invention, which follows the process shown in FIG. 
20; 

FIG. 22 is a cross-sectional view showing a process 
of manufacturing the solid state imaging device ac- 
cording to the second embodiment of the present 
invention, which follows the process shown In FIG. 
21; 

FIG. 23 Is a cross-sectional view showing a process 
ol manufacturing the solid state Imaging device ac- 
cording to the second embodiment of the present 
invention, which follows the process shown in FIG. 
22; 

FIG. 24A is a cross-sectional view showing part of 
the solid stale imaging device according to the sec- 
ond embodiment of the present invention; 
FIG. 24B Is a diagram showing a potential in a read 
mode at a low voltage; 

FIG. 24C is a diagram showing a potential in a read 
mode at a voltage lower than the voltage in FIG. 
24B; 

FIG. 25 is a cross-section al view of a modification 
to the solid state imaging device according to the 
second embodiment of the present invention; 
FIG. 26 is a cross-sectional view showing a p rocess 
of manufacturing a solid state imaging device ac- 
cording to a third embodiment of the present inven- 
tion; 

FIG. 27 is a cross-sectional view showing a process 
of manufacturing the solid state imaging device ac- 
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cording to the third embodiment of the present in- 
vention, which foilows the process shown in FIG. 
26; 

FIG. 28 is a cross-sectional view showing a process 
of manufacturing the solid state imaging device ac- 
cording to the third embodiment of the present in- 
vention, which follows the process shown in FIG. 
27; 

FIG. 29 is a cross-sectional view showing a prior art 
solid state imaging device; 
FIG. 30A is a cross-sectional view showing part of 
the prior art solid state Imaging device; 
FIG. 30B © a diagram showing a potential in a read 
mode at a low voltage; and 
FIG. 30C is a diagram showing a potential in a read 
mode at a voltage lower than the vottage in FIG. 
SOB. 

[0038] Embodiments of the present invention will now 
be described wrth reference to the accompanying draw- 
ings. In the embodiments, a CMOS image sensor Is fab- 
ricated using a microfabrication technology of design 
rules of 0.25 um or less. In the CMOS image sensor, an 
element isolation region having a shallow trench isola- 
tion (STI) structure, which is advantageous to downsiz- 
ing, is used in place of the LOCOS (Local Oxidation Of 
Silicon) used in the prior art In the following description, 
range A indicates a pixel region and range B denotes a 
peripheral circuit region. 

[First Embodiment] 

[0039] The firs! embedment is featured in that a siii- 
cide film is formed on source and drain regions and a 
sllicide block layer Is formed on a photodiode. 
[0040] FIGS. 1 to 7 are cross-sectional views showing 
a process of manufacturing a solid state imaging device 
according to the first embodiment of the present Inven- 
tion. A method of manufacturing the solid state imaging 
device will now be described. 

[0041 ] First, as illustrated In FIG. 1 .- an element isola- 
tion region of the STI structure (referred to as an STI 
hereinafter) is selectively formed in the silicon substrate 
11 using a known technique. The silicon substrate 11 
can be formed of a well layer or an epitaxial growth layer. 
Then, an N-wefl is formed In a P-MOS transistor forming 
region in the range B, and a P-weli is formed In an N- 
MOS trajisistorforming region therein. A gate insulating 
film (e.g., a silicon oxide film) 12 fe formed on a P-type 
silicon substrate 1 1 . Polysilicon-made gate electrodes 
13a, 13b and 13c are selectively formed on the silicon 
substrate 11 . In the range A, it is the readout gate elec- 
trode 13a that is formed on an element region and it is 
the reset or address gate electrode 13b that is formed 
on the STI. In the range B, it is the gate electrode 13c 
of a MOSFET that is formed on the element region. 
[0042] Using optical lithography and ion Implantation, 
an N-type drain region 14a is formed on the surface of 



the silicon substrate 11 at one end of the readout gate 
electrode 13a in the ranga A. and P-type LDD (lightly- 
doped drain) regions 14b are formed in source and drain 
regions of the P-MOS transistor in the range B. N-type 
LDD regions 1 4c are formed In source and drain regions 
of the N-MOS transistor in the range B. An N-type signal 
storage region 15 for the photodiode is formed on the 
surface of the silicon substrate 1 1 at the other end of the 
readout gate electrode 1 3a. Phosphorus is used as ions 
to be implanted when the N-type drain region 14a, N- 
type LDD region 14c and N-type signal storage region 
15 are formed. Boron is used as ions to be implanted 
when the P-type LDD region 14b is formed. The order 
in which the regions 14a, 1 4b and 1 4c are formed by ion 
implantation can be changed. 
[0043J In the first embodiment of the present inven- 
tion, a space 1 1 a is provided between the signal storage 
region 15 and one end of the STI (a boundary between 
the STI and the element region). The space 11a is in? 
tended for conduction between the silicon substrate 11 
and a surface shield region which will be described later. 
A large space need not be formed between the signal 
storage region 15 and the end of the STI but a small, 
space has only to be done at least partially between 
25 them. If no minute imperfections occur at the end of the 
STI or no junction leakage currents of the photodiode 
increase, the signal storage region 1 5 can be expanded 
to the end of the STI to fill in the space 11 a. 
[0044] As BG. 2 illustrates, a silicon oxide fitm 1 6 hav- 
30 ing a thickness of 1 0 nm to 30 nm is formed on the entire 
surface oi the resultant structure by low pressure chem- 
ical vapor deposition (LPCVD), and a silicon nitride film 
17 having a thickness of 50 nm to 100 nm is formed on 
the silicon oxide film 1 6. Further, a silicon oxide film 1 6b 
35 having a thickness of 50 nm to 1 00 nm is formed on the 
silicon nitride film 1 7 by LPCVD. After that, a photoresist 
film 18 is selectively formed on the silicon oxide film 16 
and above the signal storage region 1 5 by optical lithog- 
raphy. 

40 [0045] Using the photoresist fflm 1 8 as a mask, the 
silicon oxide Rim 16b is removed by a wet etching liquid 
of a dilute oxygen fluoride type. After that, the sBicon 
nitride film 1 7 is dry-etched by reactive ion etching ( Rl E), 
with me result that as shown in FIG. 3 a gate sidewail 
45 insulating film 20 is formed on the side of each of the 
gate electrodes 13a, 13b and 13c, and a slBclde btock 
layer 1 9, which is constituted oT the silicon oxide film 1 6b 
and silicon nitride film 1 7, is formed on the signal storage 
region 15. Then, the photoresist film 18 is eliminated. 
50 [0046] As FIG. 4 shows, a P + -type surface shield re- 
gion 21 is formed on the surface of the 3ignat storage 
region 15 in the range A by optical lithography, ion im- 
plantation and heat treatment, thus forming a P+NP-type 
buried photodiode 34 for storing signal charges corre- 
55 sponding to the amount of incident light The surface 
shield region 21 serves to prevent a depletion layer from 
expanding to a SVSi0 2 interface on the surface of the 
photodiode 34 by shielding the St/Si0 2 interface. Con- 
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sequent!* the surface shield region 21 can prevent leak- 
age currents from being generated on the Si/Si0 2 inter- 
face. 

[0047] In the range B, source and drain regions 22a 
and 22b are formed in the element region. The source 
and drain regions 22a are formed in the P-MOS region 
by P+type ion implantation, while the source and drain 
regions 22b are formed In the N-MOS region by N*type 
ion ^plantation. 

[O04S] Referring to FIG. 5, the siBcon oxide films 12 
and 16 are removed from above the gale electrodes 
1 3a, 1 3b and 1 3c, which are not covered with the silicide 
block layer 19, and from above the element region using 
an etching liquid of an oxygen fluoride type to expose 
the surfaces of the gate electrodes 13a, 13b and 13c 
and that of the silicon substrate 11. Thus, the silicide 
block layer 1 9 is constituted of the silicon oxide film 1 6, 
silicon nitride film 17, and silicon oxide film 16b. Then, 
pre-amorphous ion implantation is performed as a pre- 
process of metal siririflcation, which will be described 
later. The pre-amorphous ion Implantation is done using 
As Ions under condition that an acceleration voltage 
ranges from 1 5 kV to 50 kV and a dose ranges from 1 0 u 
cnr 2 to 1 0 15 cm-2. After that, a Ti film having a thickness 
of 20 nm to 30 nm is formed as a silicide metal film on 
the entire surface of the resultant structure by sputter- 
ing, and a TiN film having a thickness of 1 0 nm to 20 nm 
is formed on theTi film. In FIG. 5, reference numeral 23 
denotes a silicide metal film constituted of the 71 and TIN 
films. The silicide metal is not limited to Ti but can be 
formed of hrgh-merting-point metal such as Co, Nl and 
W. . 

[0049] As PIG. 6 shows, rapid thermal annealing 
(RTA) is performed for 30 seconds to 60 seconds at tem- 
peratures ranging from 600*C to 700°C in a nitrogen at- 
mosphere. In a region where the gate electrodes 1 3a to 
13c and the element region of the silicon substrate 11 
directly contacts the silicide metal film 23, silicon in the 
gate electrodes 13a to 1 3c and the sBicon substrate 11 
and titanium in the silicide metal film 23 react with each 
other, and me metal is sBicfficated. After that, an unre- 
ached silicide metal film 23 is eliminated using I^SO^ 
and HCI + H 2 0 2 . The RTTA is also performed under con- 
dition that temperature ranges from 700 C C to 800*C and 
time ranges from 20 seconds to 30 seconds. Conse- 
quently, Ti silicide films fTlS^ fihis) 24a and 24b are 
formed on the surfaces of the silicon substrate 11 and 
gate electrodes 13a to 13c which are not covered with 
the silicide block layer 1 9. 

[0050] Thereafler, the silicide block layer 19 (or only 
the silicon nitride film 17 constituting the silicide block 
layer 19) can be removed by dry or wet etching. The 
advantage to the case where the silicide block layer 19 
remains on the photodiode 34 is that the reflectivity de- 
creases on the surface of the photodiode 34 by the mul- 
tiple interference effect of light and the sensitivity im- 
proves since the silicon nitride fBm 17 has an interme- 
diate refractive index between the silicon and the silicon 
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oxide film. Onthe other hand, the advantages the case 
where the silicide block layer 19 is removed from the 
photodiode 34 is that the leakage currents of the photo- 
diode 34 due to film stress can be reduced since the 
5 silicon nitride film 17 having film stress which is about 
ten times as high as that of the silicon oxide film is not 
present on the photodiode 34. TTiecaee where the sui- 
cide block layer 1 9 remains will now be described. 
[0051 ] As shown in FI3. 7, a first interlayer insulating 
10 mm 25 is formed on the entire surface of the resultant 
structure and then flattened by chemical mechanical 
polishing (CMP). An Al wiring layer 26 is selectively 
formed on the flattened first interlayer insulating film 25 
to serve as a signal line and a connection line in the 
is range A and a connection line in the range B. Then, a 
second interlayer insulating film 27 is formed on the en- 
tire surface of the resultant structure and flattened by 
CMP. An Al light-shielding film 28 is formed on the flat- 
tened second interlayer insulating film 27, and part of 
20 the film 28 above the photodiode 34 Is selectively elim- 
inated, thereby forming an opening 30 through which 
light is incident upon the photodiode 34. The entire sur- 
face of the range B is covered with the A1 light-shielding 
film 28. After that, a surface protection film 29 such as 
25 a silicon nitride film Is formed on the entire surface of 
the resultant structure. 

[0052] A plana pattern of the silicide block layer 1 9 In 
the range A of the solid state Imaging device so consti- 
tuted will now be descrbed. 
30 [0053] FIG. 8 is a top view of a range C in FIG, 6. As 
FIG. 8 shows, the photodiode 34 is formed adjacent to 
one end of the gate electrode 13a of trie readout tran- 
sistor, and the gate electrode 13b of the reset or address 
transistor is spaced from the photodiode 34. The drain 
25 region 14a is formed adjacent to the other end of the 
gate electrode 13a. Further, the silicide block layer 19 
is formed so as to cover the entire surface of the photo- 
diode 34 and part of each of the gate electrodes 13a 
and 13b. 

*o [0054] FIGS. 9 to 11 illustrate modifications to the pat- 
tern of the silicide block layer 1 9 covering the photodi- 
ode 34. 

[0055] FIG . 9 shows a pattern of the silicide block lay- 
er 19 which covers part of one of the gate electrodes 
43 13a and 13b. FIG. 10 shows a pattern of the sIBcfde 
block layer 19 which covers both the gate electrodes 
13a and 13b transversal ry. FIG. 11 shows a pattern of 
the silicide block layer 19 which covers part of one of 
the gate electrodes 13a and 13b and covers the other 
so tnansversally. 

[0056] When the silicide block layer 19 covers the 
gate electrodes 1 3a and 13b transversa ily as shown in 
FIGS. 10 and 11, the area of the gate electrodes 13a 
and 13b, which Is not silicificated, is large and thus the 
55 wiring resistance increases. This is because that the re- 
sistance of polysflicon wiring when the gate electrodes 
are silicificated is one digit lower than that when they 
are not silicificated. In order to drive a pixel signal at high 
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speed (when the number of pixels is targe or the frame 
frequency is high), therefore, it is desirable to employ 
the pattern of the silicide blocks shown in FIGS. 8 and 
9 to suppress a wiring delay. 

[0057) FIGS. 12 to 15 also show modifications to the 
pattern of the slllcide block layer which covers part of 
the photodiode 34. In the present invention, it is effective 
to employ these modifications. It is more effective in sup- 
pressing stray light to cover part of the surface of the 
photodiode 34 with a metal sillcide film such as the Ti 
silicide film (nsfe film) 24a. It is however likely that junc- 
tion leakage currents will increase In the sBteiflcaied 
photodiode and so will noise of dark current It Is there- 
fore needless to say thai an appropriate pattern of the 
siHclde block layer be selected in view of a balance be- 
tween the suppression of stray light and the decrease 
in noise of dark current. 

[0058] The entire surface of the drain region 14a can 
be covered with the sllldde block layer 1 9 as illustrated 
In FIG. 16. in this case, an Increase injunction leakage 
current caused by siBciflcation of the drain region 14a Is 
lost; therefore, when signal charges are transferred to 
the drain region 1 4a, noise caused afterward can be re- 
duced. 

[0059] FIG. 17 shows the reflectivity of each of the 
metal silicide films (TtSi 2 film and CoSi 2 f ilm) used in the 
present invention and that of the prior art silicon (Si). 
The values of the reflectivity shown in FIG. 1 7 are meas- 
ured when a sample is provided in the atmosphere and 
light is incident at an incident angle of 8°. 
[0060] As FIG. 17 snows, the reflectivity of each of the 
TiSi2 and CoSfe is lower than that of Si In a visible light 
range of 300 nm to 700 nm. In particular, the reflectivity 
of CoSi 2 can be decreased to a very small value of 30% 
or less. 

[0061] When the TiSig film was used, the amount of 
false signals generated due to stray Bght in adjacent pix- 
els could be reduced to about 60% of that when the prior 
art silicon (Si) was used. When the CoSi 2 film of tow re- 
flectivity was used, the above amount of false signals 
could be reduced to about 30% thereof. Even when 
NiSi 2 and Wsig were used, the same advantages could 
be obtained. 

[0082] According to the first embodiment described 
above, the 71 snicide film 24a of low reflectivity is formed 
on the drain region 1 4a and the source and drain regions 
22a and 22b. Trie film 24a can prevent stray light from 
being reflected to sufficiently suppress the occurrence 
of false signals (smear and blooming) due to the stray 
. light. Since the film 24 can also prevent stray flgm from 
reaching a peripheral circuit, the transistors can be pre- 
vented from malfunctioning. Consoquently, the ele- 
ments can bo improved in performance. 
[0063] The sRicide block layer 10 is formed on the 
photodiode 34. The layer 1 9 alows the reflectivity on the 
surface of the photodiode 34 to decrease about 1 0% to 
30% by the multiple interference effect. The light sensi- 
tivity of the soBd state imaging device can be about 1 .2 



times as high as that of the prior art image pickup device. 
[0064] rf the silicide block layer 19 is efirninated after 
the Ti silicide films 24a and 24b are formed, the silicon 
nitride film 1 7 having film stress which is about 1 0 times 
5 as high as that of the silicon oxide film is not present on 
the photodiode 34; therefore, leakage currents of the 
photodiode 34 due to the film stress can be decreased. 
When the silicide block layer 1 9 is removed, a sufficient 
amount of hydrogen atoms, which is supplied by a sin- 
io taring process, is not cut off by the silicon nitride film 17 
of the layer 19 but can reach the photodiode 34. Thus, 
an adequate sintering effect is obtained and the leakage 
currents of the photocfiode 34 can be reduced further. 
The sintering process is a process of forming a plasma 
15 nitride film containing a large amount of hydrogen near 
the final stage and then thermally treating it at 450*C for 
about thirty minutes to cause hydrogen atoms to diffuse 
toward the silicon substrate. The sintering process has 
the main advantage of inactivating the Interface be- 
20 tween Si and Si0 2 to reduce junction leakage currents. 
[0065] Trie silicide Wock layer 1 9 can prevent a sili- 
cide film whose transmlttance Is very low (20% or less) 
from being formed on the photodiode 34. Since, there- 
fore, a sufficient amount of incident light can be supplied 
25 to the photodiode 34, the sensitivity of the solid state 
imaging device can be heightened even when a CMOS 
image sensor is fabricated through the sfficfftcation proc- 
ess. Since no crystal defects due to silicification are in- 
troduced Into the photodiode 34, junction leakage cur- 
30 rents of the photodiode 34 can be reduced. It is thus 
possible to reduce both a white point image defect which 
decreases yields and adarkcurrent-ununrformity due to 
variations in leakage currents which degrades image 
quality. 

35 f0066] Since the silicide block layer 19 has a three- 
layer structure of the silicon oxide fOm 16, silicon nitride 
film 17 and silicon oxide film 16b, the following advan- 
tages can be obtained. 

[0067] First, the advantage of the silicon oxide film 
40 1 8b is as follows. If a metal film such as a Ti/TiN film is 
directly deposited on the silicon nitride film 1 7 to anneal 
the structure for silicification. the surface of the film 17 
will slightly be silicrficated» thus causing a problem that 
an amount of light incident upon the photodiode 34 is 
45 decreased. However, this problem can be resolved by 
forming the silicon oxide film 1 6b on the silicon nitride 
film 17. 

[0068] Secondly, the advantage of me silicon nitride 
film 17 is as follows. Since the film 17 has an interme- 
so diate refractive Index between the silicon and the silicon 
oxide film, the reflectivity on the surface of the photodi- 
ode 34 can be lowered, with the result that an amount 
of light incident upon the photodiode 34 increases and 
the sensitivity of the device improves. 
55 [0069] Lastly, the advantage of the silicon oxide film 
1 6 is as follows. The sHbon nitride film 1 7 has film stress 
which is about ten times as high as that of the silicon 
oxide film. If it were not for the silicon oxide film 1 6, the 
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silicon nitride film 17 would come close to the photodi- 
ode 34 through the thin gate insulating film 12 to in- 
crease leakage currents due to the film stress. The sili- 
con oxide film 16 having a thickness of 10 nm to 30 nm 
serves to mitigate the stress of the silicon nitride film 1 7 
and prevents the leakage currents of the photodiode 34 
due to the stress from increasing. 
10070) In the first embodiment, the P-type silicon sub- 
strate is used In the manufacturing process. It is how- 
ever needless to say that the P-type silicon substrate 
can be replaced with a P-type well. 
[0071] Furthermore, intermediate refracting films 
such as a Ti film and a TIN film can be provided on the 
tops and undersides of the A1 wiring layer 26 and A 1 
light-shielding film 28. These Intermediate refracting 
films allow the reflection of light from being controlled 
further. 

[Second Embodiment] 

[0072] The second embodiment is featured in that a 
surface shield region and elevated source and drain re- 
gions are formed using an epitaxial growth technique. 
In the second embodiment, the same process as that of 
the first embodiment will be described simply and the 
process different therefrom will be described in detail. 
[0073] FIGS. 1 8 to 23 are cross-sectional views show- 
ing a process of manufacturing a solid state imaging de- 
vice accorcfi ng to the second embodiment of the present 
invention. A method of manufacturing the solid state im- 
aging device according to the second embodiment will 
now be described. 

[0074] First, as shown In FIG. 1 8, an element Isolation 
region having an STI structure (referred to as an STl 
hereinafter) is selectively formed in the silicon substrate 
11. An N-wefl is formed in a P-MOS transistor forming 
region in the range B, and a P-well is formed in an N- 
MOS transistor forming region therein. A gate insulating 
■ film (e.g.. silicon oxide film) 12 is formed on a silicon 
substrate 11 using a known technique. Gate electrodes 
13a and 13c each constituted of porysificon are selec- 
tively formed on the silicon substrate 11. 
[0075] By optica! lithography and ion implantation, an 
N-type drain region 14a Is formed on the surface of the 
silicon substrate 11 at one end of the gate electrode 13a 
In the range A, and P-rype LDD regions 1 4b are formed 
in source and drain regions of the P-MOS transistor in 
the range B, as shown in FIG. 19. N-type LDD regions 
14c are formed in source and drain regions of the N- 
MOS transistor in the range B. An N-type signal storage 
region 15 for a photodiode is formed on the surface of 
the silicon substrate 1 1 at the other end of the gate elec- 
trode 1 3a in the range A. 

[0076] As illustrated in FlG . 20, a silicon oxide film (or 
a silicon nitride film) is formed on the entire surface ot 
the resultant structure. The silicon oxide film is dry- 
etched by RIE and e gate sidewall insulating film 20 is 
formed on the side of each of the gate electrodes 13a 



and 1 3c. After that the gale Insulating film 1 2 is removed 
by an etching liquid of an oxygen fluoride type, and the 
surface of the cleaned silicon substrate 11 is exposed. 
[0077] As shown in FIG. 21 . undoped selective growth 
5 silicon layers 31 a. 31 b and 31c are grown on the surface 
of the silicon substrate 11 and those of the gate elec- 
trodes 13a and 13c by selective epitaxial growth. The 
selective growth has only to be performed by LPCVD 
using a mixture of dichiorsilane, hydrogen and hydro- 
10 chloric acid under condition that pressure is 50 Torr and 
substrate temperature is B50*C. The growth time Is set 
in such a manner that the thickness of each of the se- 
lective growth silicon layers 31 a, 31 b and 31 c falte within 
a range from 20 nm to 200 nm. Thus, the drain region 
15 1 4a in the range A and the LDD regions 14b and 1 4c In 
the range B are formed as layers which are higher than 
the surface of the sfiteon substrate 11 (referred to as el- 
evated source and drain regions). 
[0078] In the second embodiment, the selective 
20 growth silicon layer 31c is formed on each of the gate 
electrodes 13a and 13c. If an insulating film such as a 
silicon oxide film is left on the gate electrodes 1 3a and 
13c prior to selective epitaxial growth, no selective 
growth silicon layers are formed on the gate electrodes 
2S 1 3a and 1 3c as a natural result. According to me purport 
of the present Invention, no selective growth silicon lay- 
ers need to be formed on the gate electrodes 13a and 
13c. 

[0079] As illustrated in FIG. 22, a photoresist film 32 
30 is formed on the entire surface of the resultant structure 
and patterned to form an opening above a signal storage 
region 1 5 for a photodiode. Using the patterned photore- 
sist film 32 as a mask, boron ions such as BF 2 ions are 
implanted into the selective growth silicon layer 31 a on 
35 the signal storage region 1 5 under condition that accel- 
eration voltage is 30 keV.and dose Is 4 x 10 13 crrr 2 . 
After that, the photoresist film 32 Is eliminated. 
[D08OJ As iBustrated In FIG. 23, desired heat treat- 
ment is performed, with the result that the selective 
40 growth silicon layer 31a Is formed as a P+-type layer 
(whose concentration ranges from 10 18 to 102° atms/ 
cm 3 ) and a surface shield region 21 a Is formed on the 
surface of the signal storage region 1 5. By adjusting the 
acceleration voltage and the dose for ion Implantation 
45 required when the surface shield region 21 a is formed, 
the concentration profile of the region 21a can be set 
freely, thereby forming a P+N P-type photodiode lor stor- 
ing signal charges corresponding to the amount of Inci- 
dent light. 

so [0031] As shown in FIG. 22, the selective growth s3i- 
con layer 31 a has a tacet since it is formed by the epi- 
taxial growth technique. Those portions of the selective 
growth silicon layer 31 a that contact one end of the gate 
sidewaB insulating film 20 and that of the STI are 
55 thinned. Boron is ion-implanted more deeply in the thin 
portions (portions A) of the selective growth silicon layer 
31 a. As a result, as shown in FIG. 23. the surface shield 
region 21a is formed deeply under the surface of the 
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silicon substrate 11 in the portions A. 
10082] FIG. 24A Is a cross-sectional view of a buried 
photodiode structure which is part of the range A shown 
in FIG. 23. FIGS. 248 and 24C each show a potential 
in a tow-voltage read mode (when the readout gate elec- 
trode turns on). The readout voltage in the case of FIG. 
24C is lower than that in the case of FIG. 24B. The volt- 
age in FIG. 24B is 3.3V, while that in FIG. 24C is 2.5V. 
[0083] As shown in FIG. 24A, the surface shield re- 
gion 21 a Is formed based on the selective growth silicon 
layer 31 a. The top surface of the regton 21a is located 
above the underside of the gate electrode 1 3a, and the 
underside of the region 21a is located slightly below the 
underside of the gate electrode 13a. 
[0084] Consequently, the surface shield region 21a 
can be formed considerably more shalowry on the un- 
derside of the gate electrode 13a than in the prior art 
structure shown in FIG. 30A. When the signal charges 
are read out of the signal storage region 15, as shown 
in FIGS. 24B and 24C, the potential barriers shown in 
FIGS. 30B and 30C are vanished and no signal charges 
remain. 

[0085] According to the second embodiment de- 
scribed above, the surface shield region 21a is formed 
on the silicon substrate 11 by the selective epitaxial 
growth technique. In the signal readout mode, therefore, 
a potential barrier Is vanished from one end of the region 
21a and that of the gate electrode 13a and no signal 
charges remain in the signal storage region 1 5. The sig- 
nal charges can thus be transferred completely. Conse- 
quently, even though a buried photodiode structure is 
employed as in the prior art, the problems of many im- 
age lags, high noise and low sensitivity in the low-volt- 
age readout mode can be resolved and thus the ele- 
ments can be Improved in performance. 
[0086] Using the selective epitaxial growth technique, 
the selective growth silicon layer 31b is formed on the 
silicon substrate 11 . The source and drain regions 14a, 
1 4b and 1 4c can thus be formed as elevated source and 
drain ones. Consequently, leakage currents can be pre- 
vented from occurring In the pixel region (range A) and 
the resistance can be lowered in the peripheral circuit 
region (range B). 

[0087] Even though the source and drain regions 1 4b 
. and 1 4c are formed shaliowly in the sfflcon substrate 1 1 
by forming the elevated source and drain regions In the 
peripheral circuit region, the junction leakage currents 
can be suppressed sufficiently after the metal siliclde Is 
formed. If elevated source and drain regions are formed 
in the pixel region, the N-type drain region 14a can be 
formed shaliowly In the silicon substrate 11. It b thus 
possfole to resolve the problem of punch through 
caused between the signal storage region 15 and drain 
region 14a when the gate electrode 13a is shortened. 
Since the gate electrode 13a can be shortened, the pix- 
els can be downsized. 

[0088} In the second embodiment, the surface shield 
region 21 a is formed by selective growth of an undoped 



silicon layer (FIG. 21). ion implantation of boron (FIG. 
22), and heat treatment. However, the present invention 
is not limited to these methods. 
[0089] For example, a boron -Implanted PMype silt- 
5 con layer can be grown selectively. When a P*-type sil- 
icon layer is selectively grown from the beginning, heat 
treatment after ion implantation of boron and ion implan- 
tation can be omfted. If the surface shield region 21 a Is 
formed, not only the same advantages as those of the 
w second embodiment but also the following advantages 
can be obtained. 

[0090] Since no defects due to ion implantation of bo- 
ron are introduced into the photodiode, Junction leakage 
currents of the photodiode can be reduced. Since boron 
is is not implanted more deeply in the region under the fac- 
et, the underside of the surface shield region is flush 
with that of the gate electrode as shown in FIG. 25. In 
other words, the underside of a surface shield region 
21b can be formed natter and more shaliowly. For this 
20 reason, a potential barrier in the signal readout mode 
can be lowered further and the signal charges stored in 
the signal storage region 15 can completely be trans- 
ferred to the drain region 14a even when the readout 
voltage is 2V or lower. 

25 

(Third Embedment] 



[0091] Like the first embodiment, the third embodi- 
ment is featured in that a sIHcide film is formed on source 

so and drain regions and a siticide block layer is formed on 
a photodiode. Like the second embodiment, it Is fea- 
tured in that asurf ace shield region and elevated source 
and drain regions are formed by the epitaxial growth 
technique. In the third ernbodiment, the descriptions of 

55 the same process as that of the second embodiment are 
omitted and only the process different therefrom will be 
described. A method of manufacturing a solid state Im- 
aging device according to the third embodiment of the 
present invention will now be discussed. 

40 J0092J First, as. in the second embedment shown in 
FIGS. 18 to 23, a surface shield region 21 a is epltaxiaHy 
grown on the surface of a signal storage region 15 of a 
photodiode. 

[0093] As illustrated In FIG. 26, a silicon oxide film 1 6 
45 having a thickness of 20 nm to 50 nm is formed on the 
entire surface of the resultant structure by LPCVtX and 
a silicon nitride film 17 having a thickness of 50 nm to 
100 nm is formed on the silicon oxide film 16, A silicon 
oxide film 1 6b having a thickness of 50 nm to 1 00 nm is 
so formed on the saicon nitride film 17 by LPCVD. After 
that, a photoresist film (not shown) is formed above the 
signal storage region 15 by optical lithography. Using 
the photoresist film as a mask, the silicon oxide film 1 6b 
is removed using a wet etching liquid of a dilute oxygen 
55 fluoride type. The silicon nitride film 1 7 and sBicon oxide 
film 16 are dry-etched by RIE. and a sHicide block layer 
1 9 is formed of the signal storage region 15. The siBcide 
block layer 19 prevents the surface shield region 21a 
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from being sMficated in the subsequent silicification 
process. 

[0094] As illustrated in FIG. 27. impurity ions of the 
same conductivity type as that of the signal storage re- 
gion 15, such as As ions, are implanted into the entire 
surface of the resultant structure under condition that an 
acceleration voltage ranges from 10 kV to 50 kV and a 
dose ranges from 10' 3 cm* to 10™ cm* Thus, at least 
the surface areas of selective growth silicon layers 31b 
and 31c in a region not covered with the silfcide block 
layer 19 is made amorphous. 

[0095] As illustrated In FIG. 28, a T\ f ilm (not shown) 
having a thickness of 20 nm to 40 nm is formed on the 
entire surface of the resultant structure by sputtenng, 
and a TiN film (not shown) having a thickness of 1 0 nm 
to 30 nm is formed on the Tl film. Then, the structure is 
annealed for about 30 seconds at temperatures ranging 
from 700*C to 800°C in a nitrogen atmosphere. As a 
result, silicon in the selective growth silicon layers 31b 
and 31 c and Tj in the Ti film react with each other to form 
Ti siliclde films 33a and 33b in an interface between 
each of the layers 31 b and 31 c and the Tl film. After that, 
the TtN film and the unreacted Tl film 23 are eliminated 
by etching using a mixture of sulfuric acid and hydrogen 
peroxide. Thus, Ti silicide films 33a and 33b are formed 
on the surfaces of the selective growth silicon layers 3 1 b 
and 31c which are not covered with the silicide block 
layer 19. 

[0098] According to the third embodiment, the same 
advantages as those of the first and second embodi- 
ments can be obtained. 



Cbims 

1 . A solid state imaging device characterized by com- 
prising: 

agate insulating film (1 2) formed on a semicon- 
ductor substrate (11 > of a first conductivity type; 
a readout gate electrode (13a) selectively 
formed on the gate insulating film (1 2); 
a diffusion region (1 4a) of a second conductivity 
type formed on a surface of the semiconductor 
substrate (11) at one end of the readout gate 
electrode (13a); 

a signal storage region (1 5) of the second con- 
ductivity type formed on the surface of the sem- 
iconductor substrate (11 ) at other end of the re- 
adout gate electrode (1 3a); 
a surface shield region (21 ) of the first conduc- 
tivity type formed on a surface of the signal stor-. 
age region (1 5); 

a silicide block layer (1 9) covering at least part 
of the signal storage region (1 5); and 
a metal silicide layer (24a) formed on the diffu- 
sion region (14a). 



2. A solid state imaging device characterized by com- 
prising: 

a gate insulating film (1 2) formed on a semicon- 
5 ■ ductorsubstrate(11)ofafirstcondu^lv1tytype; 

a readout gate electrode (13a) selectively 
formed on the gate insulating film (12); 
a diffusion region (14a) of a second conductivity 
type formed on a surface of the semiconductor 
jo substrate (11) at one end of the readout gate 

electrode (13a); 

a signal storage region (15) o1 the second con* 
ducthrtty type formed on the surface of the sem- 
iconductor substrate (1 1) at other end of the re- 
15 adout gate electrode (13a); and 

a surface shield region (21 a) of the first conduc- 
tivity type formed on the signal 6torage region 
(15) higher than the surface of the semiconduc- 
tor substrate (11), 

20 

3. The solid state imaging device according to claim 

1 , characterized In that the semiconductor sub- 
strate (11) is one of a well layer and an epitaxial 
growth layer. 

25 

4. The solid state imaging device according to claim 

2, characterized in that the semiconductor sub- 
Btrate (11) is one of a well layer and an epitaxial 
growth layer. 

5. The solid state imaging device according to claim 

1 , characterized in that the sificide block layer (1 9) 
is constituted of a silicon oxide film (16, 1 6b) and a 
sBicon nitride film (17). 

The solid stale imaging device according to claim 

2, characterized by further comprising: 

a silicide block layer (1 9) covering at least part 
of the signal storage region (15); and 
a metal silicide layer (24a) formed on the diffu- 
sion region (14a). 

7. the solid state imaging device according to claim 
<s 2, characterized In that the diffusion region (1 4a) 

Is formed higher than the surface of the semicon- 
ductor substrate (11). 

8. The solid state imaging device according to claim 
50 2, characterized in that the device further compris- 
es a silicide block layer (19) covering at least part 
of the signal storage region (1 5) and a metal silicide 
layer (24a) formed on the diffusion region (1 4a), and 
the diffusion region (14a) is formed higher than the 

55 surface of the semiconductor substrate (11). 

9. The solid state Imaging device according to claim 
1, characterized in that the metal silicide layer 
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(24a) is one of a Ti silicide film, a Co silicide film, a 
Ni silicide film, and a W silicide film. 

10. The solid stale imaging device according to claim 
2, characterized In that the device further compris- 
es a silicide block layer (19) covering at least part 
of the signal storage region (1 5) and a metal silicide 
layer (24a) formed on the diffusion region (1 4a), and 
the metal silicide layer (24a) Is one of a Tl silicide 
film, a Co silicide film, a Ni silicide film, and a W 
silicide film. 

11. The solid state imaging device according to claim 

1 , characterized in that the silicide block layer (19) 
covers at least part of the signal storage region (15) 
and at least part of the readoutgate electrode (1 3a). 

12. The solid state Imaging device according to claim 

2, characterized by further comprising: 

a silicide block layer (1 9) covering at least part 
of the signal storage region (15) and at least 
part of the readout gate electrode (13a); and 
a metal silicide layer (24a) formed on the diffu- 
sion region (14a). 

13. "The solid state imaging device according to claim 

1 , characterized in that the silicide block layer (1 9) 
covers at least part of the signal storage region (15), 
at least part of the readout gale electrode (1 3a), and 
at least part of the diffusion region (1 4a). 

14. The solid state knaging device according to claim 

2, characterized by further comprising: 

a silicide block layer (1 9) covering at least part 
of the signal storage region (15), at least part 
of the readout gate electrode (13a). and at least 
part of the diffusion region (14a); and 
a metal silicide layer (24a) lormed on the diffu- 
sion region (14a). 

15. The solid state Imaging device according to claim 
2, characterized in that the surface shield region 
(21b) has an underside which Is flush with that of 
the readout gate electrode (13a). 

16. The solid state imaging device according to claim 
2, characterized in that the device further compris- 
es a silicide block layer (19) covering at least part 
of the signal storage region (1 5) and a metal silicide 
layer (24a) formed on the diffusion region (14a), and 
the surface shield region (21b) has an underside 
which is flush with that of the readout gate electrode 
(13a). 

17. The solid state imaging device according to claim 
2. characterized by further comprising: 
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a silicide block layer (1 9) covering at least part 
of the signal storage region (15); 
a metal silicide layer (33a) formed on the diffu- 
sion region (14a); 

a gate electrode (1 3c) separated from the rea- 
dout gate electrode (13a) at a predetermined 
interval; 

source and drain regions formed at both ends 
of the gate electrode (1 3c) higher than the sur- 
face of the semiconductor substrate (11); and 
a metai sfltekJe layer <33a) formed on the 
source and drain regions. 

18. A solid state imaging device characterized by com- 
prising: 

a readout gale electrode (13a) selectively 
formed on a semiconductor substrate (1 1 ) of a 
first conductivity type with a gate insulating film 
(12) interposed therebetween; 
a diffusion region (14a) of a second conductivity 
type formed on a surface of the semiconductor 
substrate (11) at one end of the readout gate 
etectrode (13a); 

a metal silicide layer (24a) formed on a surface 
of the diffusion region (14a); 
a signal storage region (1 5) of the second con- 
ductivity type formed on the surface of the sem- 
iconductor substrate (1 1 ) at other end of the re- 
adout gate electrode <13a); 
a surface shield region (21) of the first conduc- 
tivity type formed on a surface of the signal stor- 
age region (15); 

a sidewall Insulating film (20) formed on a side 
of the one end of the readout gate electrode 
(13a); and 

a silicide block layer (1 9) covering a side of the 
other end of the readout gate electrode (13a), 
at least part of a surface of the readout gate 
electrode (13a), and at least part of the signal 
storage region (15). 

19. A method of manufacturing a solid state imaging de- 
vice, characterized by comprising the steps of: 

forming a first insulating film (12) on a semicon- 
ductor substrate (1 1 ) of a first conductivity type; 
selectively forming an element isolation region 
for separating an element region in the semi- 
conductor substrate (11); 
forming a readout gate electrode (13a) on the 
element region with the first Insulating film (12) 
interposed therebetween and a gate electrode 
(13b) on the element isolation region with the 
first insulating film (12) interposed therebe- 
tween; 

lomning a diffusion region (14a) of a second' 
conductivity type on a surface of the element 
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region at one end of the readout gate electrode 
(13a); 

forming a signal storage region (1 5) of the sec- 
ond conductivity type on the surface of the el- 
ement region at other end of the readout gate 
electrode (13a); 

forming a second insulating f8m on an entire 
surface of a resultant structure; 
removing the second insulating film and form- 
ing a silidde block layer (19) covering at least 
part of the signal storage region (1 5); 
forming a su rf ace shield region (21 ) of the first 
conductivity type on a surface of the signal stor- 
age region (15); 

removing the first insulating film (12) and the 
second insulating film from the diffusion region 
(1 4a) to expose a surface of the diffusion region 
(14a); and 

forming a metal silicide layer (24a) on the ex- 
posed surface of the diffusion region (14a). 

20. A method of manufacturing a solid state imaging de- 
vice, characterised by comprising the steps of: 

forming a first insulating film (1 2) on a semicon- 
ductor substrate (11 ) of a first conductivity type; 
selectively forming an element isolation region 
for separating an element region In the semi- 
conductor substrate (11); 
forming a readout gate electrode (13a) on the 
element region with the first insulating film (1 2) 
interposed therebetween; 
forming a diffusion region (14a) of a second 
conductivity type on a surface of the element 
region at one end of the readout gate eiectrpde 
(13a); 

forming a signal storage region (15) of the sec- 
ond conductivity type on the surface of the el- 
ement region at other end of the readout gate 
electrode (13a); and 

forming a surface shield region (21 a) of the first 
conductivity type by selectively epitaxial-grow- 
ing a silicon layer of the signal storage region 
(15). 

21. A method of manufacturing a solid state imaging de- 
. vice, characterized by comprising the steps of: 

forming a first insulating film (12) on a semicon- 
ductor substrate (1 1 ) of a first conductivity type; 
selectively forming an element eolation region 
for separating an element region in the semi- 
conductor substrate (11); 
forming a readout gate electrode (1 3a) on the 
element region with the first insulating ftfm (12) 
interposed therebetween; 
forming a diffusion region (1£a) of a second 
conductivity type on a surface of the element 



region at one end of the readout gate electrode 
(13a); 

forming a signal storage region (1 5) of the sec- 
ond conductivity type on the surface of the el- 
5 ement region at other end of the readout gate 

electrode (13a); 

forming a selective growth silicon layer (31 a f 
31b) by selectively epitaxial-growing a slicon 
layer of the signal storage region (15) and the 

io diffusion region (14a); 

forming a surface shield region (21 a) of the first 
conductivity type in the selective growth silicon 
layer (31 a) on the signal storage region (1 5); 
forming a second insulating Rim on an entire 

is surface of a resultant structure; 

removing the second insulating film so as to ex- 
pose at least a surface of the selective growth 
silicon layer (31b) on the Effusion region (14a) 
and forming a slllclde block layer (1 S) covering 

20 at least part of the signal storage region (15); 

and 

forming a metal silicide layer (33a) on the ex- 
posed surface of the selective growth silicon 
layer (31b) on the diffusion region (14a). 

23 

22. The method according to claim 19> characterized 
fn that the semiconductor substrate (11) is one of 
a well layer and an epitaxial growth layer. 

30 23. The method according to daim 20, characterized 
in that the semiconductor substrate (11) is one of 
a well layer and an epitaxial growth layer. 

24. The method according to daim 21 , characterized 
55 in that the semiconductor substrate (11) is one of 

a well layer and an epitaxial growth layer. 

25. The method according to claim 20, characterized 
in that the surface shield region (21 a) Is formed by 

*o ■ selectively growing a silicon layer into which n o ions 
are implanted and then subjecting the selectively 
grown silicon layer to ion implantation and heat 
treatment. 

<« 28. The method according to claim 21 , characterized 
In that the surface shield region (21a) is formed by 
selectively growing a silicon layer into which no ions 
are Implanted and then subjecting the selectively 
grown si Scon layer to ion implantation and heat 

so treatment. 

27. The method according to claim 20, characterized 
In that the surface shield region (21a) is formed by 
selectively growing a silicon layer into which Ions 

55 are implanted. 

28. The method according to claim 21 % characterized 
in that the surface shield region (21 a) is formed by 
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selectively growing a sflfcon layer Into which ions 
ere Implanted. 

29. The method according to claim 1 9, characterized 

by further comprising a step of removing the silfckte 5 
block layer (1 9) after the metal suicide layer (24a) 
is formed. 

30. The method according to claim 21 , characterized 

by further comprising a step ot removing the sfficide 10 
block layer (19) after the metal sillclde layer (24a) 
is formed. 
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